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FOREWORD 

This report summarizes the work conducted by McDonnell Douglas Astronautics 
Company-East (MDAC-E) in St. Louis, Missouri for the Structures end Mechanics 
Division of the NASA Johnson Space Center (NAS.V-JSC) under Contract NAS9-14012, 

"Data Correlation and Analysis of Arc Tunnel and Wind Tunnel Test of RSI Joints 
and Gaps, Phase II." This final report consists of two volumes: Volume I - 
Technical Report and Volume II - Data Base, Fart 1 and Part 2. The period of p rfor- 
mance was from 20 May 1974 thru 19 May 1975. 

Mr. Donald J. Tilllan was the NASA Technical Monitor for this study; Messrs. 

H. E. Christensen and U. W. Kipp were the MDAC Principal Investigator and Study 
Manager, respectively. Significant contributions to this study were made by 
A. £. Bruns, M. B. Donovan, L. H. Ebbesmeyer, E. A. Elswirth and T. W. Parkinson. 

The cooperation of numerous NASA Personnel at Ames Research Center, Johnson Space 
Center and Langley Research Center in providing experimental data, supplemental 
calculations and valuab'' unsel was instrumental to the successful complation 
of this study. We are appreciative of the cooperation from the following for 
supplying test data; C. D. Scott and L. P. Murray of JSC, W. K. Lockman and 

F. J. Centolanzi of Ames, D. A. Throckmorton and I. Weinstein of LeRC, and 

G. W. Mauss and C. B. Bluuer of Rockwell International. 
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5.0 NASA/ AMES, 3.5 FOOT ll.W.T. TESTS OF LONG IN-LINE GAP 
Thin skin models with a long In-line gap were tasted in the Ames 3.5 foot H.W.T., 

Figure 5.0-1. Thermocouples were installed along the top of the panel and along 

the faces of the gap. These are shown in Section 5.1. Gap widths of zero, 0.127cm 

and 0.254 cm for a gap depth of zero, 1.0 cm, 2.0 cm and 3.81 cm anu for a gap length 

of 101.6 and 30.48 centimeters were tested at 0, 5, 10 and 15 degree orientation to 
the flow. Tests were conducted at a free stream Mach nundier of 5.1 and Reynolds 
nu liber per meter of 1.64 x 10^, 3.28 x 10^ and 6.56 x 10^. Figure 5.0-2 is a 
complete run schedule. 
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5.1 Model Description and Instrumentation Location - The test configuration 
consisted of a thin skin model Inserted into a 68.6 x 152.4 cm carrier plate 
wedge. Figure 5.0-1 shows the model Inserted in the carrier plate. The Joint 
configuration was a single, in-line, gap of either 30.48 cm (12 in) or 101.6 cm 
(40 in) length. The test matrix included four flow orientations, three gap widths, 
and four gap depths. A run schedule is given in Figure 5.0-2 which defines the test 
conditions (i.e., gap width, depth, length, etc) for each run. 

The model was heavily instrumented to obtain heating data in the presence of 
laminar, transitional and turbulent boiindary layers, and to investigate the effect 
of tile orientation for several gap width settings. Instrumentation included 
total temperature and pressure probes to define the free stream conditions, thermo- 
couples along the gap length to define surface and gap heating, and instrumented 
modules to further define heating distributions. 

Tht total temperature and pressure probes were mounted on the downstream end 
of the wedge at three spanwise (Y) locations as seen in Figure 5.0-1. These probes 
were used to define the free stream conditions for each test run. 

Th<; thermocouples along the gap length are shown graphically in Figure 5.1-1. 
This instrumentation consisted of one row of thermocouples along the top surface of 
tile at Y = -0.200 in and two rows of them< couples near the top of the gap at 
depths (Z) of 0.100 and 0.200 inch. Each row contained 25 thermocouples. The 
axial location of each thermocouple is given in Figure 5.1-2. 

Thermocouple locations on the Instrumented modules are given in Figure 5.1-3 
for each cf the modules used. During the test program, five different module 
arrangements or positions were employed as defined in Figure 5.1-4. This figure 
gives for each arrangement, the instrumented modules used and their axial location. 
The reader is referred back to the run schedule (Figure 5.0-2) which cross-references 
the module position used during each run. It is noted, that not all available 
thermocouples were connected during a run. The thermocouple hookup schedule is 
given in Figure 5.1-5, and again the reader is referred to Figure 5.0-2 to 
determine the applicable T/C schedule for each run. 

Nominal gap widths investigated during the test program were 0, 0.025, 0.050 
and 0.100 Inches. For each run, the actual gap width was measured at various axial 
locations, and are recorded in Figure 5.1-6. 
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I XL 3 4 5 
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MEASURED GAP WIDTHS 
AMES 3.5 FOOT H.W.T. IN-LINE GAP MODEL 


0 SKETCHES NOT TO SCALE 
0 ALL DIMENSIONS IN INCHES 
26) RUNS 89-90 12"(FWD), .050"W, .8"D 
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5.2 Explanation of Terminology Used in Data Listing - Results from the Ames 
long In-line gap tests presented In Section 5.3 are organized by run number and 
contain Information about test conditions, model configuration and thermocouple 
location, heat transfer parameters and boundary layer parameters. The data listing 
was prepared by analyzing and combining Information recorded during calibration and 
test runs with boundary layer Information. 

The terminology used In the data listing Is as follows: 


X X 


X X X X 


XXX 


IDENTIFICATION NUMBER 


I 


T/C NUMBER 


‘-RUN NUMBER 
‘-TEST NUMBER 


A(RAD) 

B.L. 

DELS 

FLOW-L 

GAP 

GAP-D 

G-CF 

HAW/HT 


HL 

HLC, HLCC 
HL/HLCC 

HL/HE 

HLC/HEC 

HREF 

HLC/HREF, ULCC/HREF 


Flow orientation - radians 

Boundary layer state (l=laminar, 2=transitional, 3=turbulent) 

Displacement thickness 

Gap flow length 

Gap width 

Gap depth 

Gap configuration 

Recovery factor (adiabatic wall enthalpy ratioed to free 
stream total enthalpy) 

0,908 for HT (Turbulent convective heat transfer coefficient) 
0.874 for HL (Laminar convective heat transfer coefficient) 
Convective heat transfer coefficient based on recovery 
factor of 0.874 
Conduction corrected HL 

Convective heat transfer coefficient ratioed to conduction 
corrected heat transfer coefficient 

Convective heat transfer coefficient ratioed to heat transfer 
coefficient measured on top of tile near gap 
Conduction corrected HL/HE 

Convective heat transfer coefficient on calibration plate 

Conduction corrected HL ratioed to 

heat transfer coefficient on calibration plate 
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HL/HREF 

m 

Convective heat transfer coefficient in gap ratioed to 
coefficient on calibration plate at the same location 

HT 

• 

Convective heat transfer coefficient based on recovery 
factor of 0.907 

LOG 

m 

Instrumentation location 

M, MACH 

- 

Kach number 

M-THICK 


Momentum thickness 

NSTT 

- 

Stanton number based on free stream conditions and HT 

NTOL 

m 

Data sequence number 

PATH 

- 

Tile pattern (0*st Jggered, l»in-line) 

PT 

m 

Free stream total pressure 

Q 

= 

Convective heating 

QS 

ae 

Heating rate to a sphere 

RE/M, RE/METER 

- 

Unit Reynolds number per meter 

RHO VEL 

= 

Free stream density - velocity product 

STEP 

m 

Step height 

STL 

- 

Stanton number based on free stream conditions and HL 

STT 

- 

Stanton number based on free stream conditions and HT 

SUB-T 

- 

Sub-layer thickness 

T 

- 

Temperature of model at time test data was obtained 

TT 

- 

Free stream total temperature 

T/C 

m 

Thermocouple number 

TW/TE 

- 

Temperature ratio across boundary layer 

X 

- 

Distance downstream from leading edge of carrier plate 

X(BAR) 

- 

Distance from leading edge of tile 

Y, YY 

- 

Lateral distance from tile centerline 

Z,ZZ 

3C 

Distance from top of tile (X, Y, YY, Z, ZZ form right 
coordinate system) 
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5.3 Data Tabulation for Ames 3.5 Foot H.VJ.T. Long In-Line Gap Heating Tests - 
This section contains the program for transcribing data from the Ames 3.5 Foot H.W.T. 
Into the Data Bank and the tabulation generated by the program. The program listing 
is Included for completeness and also documents those steps necessary to process ihe 
data Into the Data Bank. The data listing begins on Page 5. 3-22. This listing employs 
the "24 Attribute Word List" (described in Volume 1, Section 5) used in the data 
selection and data correlation programs. 
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6.0 NASA/LaRC, 8 FOOT HTST TESTS OF LARCS GAP PANEL 

Gap heating tests were perfonsed in the LaRC 8 Foot High Teaperature Structure 
Tunnel (HTST) to obtain heating data on a large gap panel in the presence of a 
turbulent boundary layer. The teat program at LaRC was under the direction of 
I. Weinatien. The teat panel consisted of eleven LI 900 ailica tiles with an inter- 
changeable thin skin metallic center tile. Testing was planned for both the center 
LI 900 tile aad the center metallic tile, but time permitted testing only of the 
metallic tile. The panel sire was A6 x 46 x 6.5 cm. Both the LI 900 and the 
metallic tiles were heavily instrumented as discussed in Section 6.1. The RSI 
panel was mounted in a large test sled for free stream testing and permitted 
variation of angle of attack relative to the tile array. The panel was tested in 
both the in-line «ind staggered tile configurations. 

The test matrix for the 8 Foot HTST program is surmnarizcd in Figure 6.0-1. 

Five gap settings were employed (0, 0.10, 0.18, 0.30, and 0.41 cm) with the tile 
thickness of 6.35 cm. Step heights investigated were 0 and +0.254 cm. Tests 
were run at Reynolds number per meter of 1.9 x 10^ and 4.8 x 10^, while the test 
sled angle of attack was varied from 0 to 15 degrees. 
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6.1 Model Description - A large gap panel was fabricated for perfonaing heat- 
ing tests in the presence of a tuAulent boundary layer. The sw»e test panel was 
to be used in both the HTST and the AFFDL 50 HW Arc Tun-el Tests. The panel was 
originally scheduled for testing at AFTDL but was switdied to the LaRC HTST due to 
fabrication difficulties with the test fixture by the vendor. The 50 MW teats were 
intended to determine the effects of higher enthalpy on the heating in a field of 
RSI gaps, and would have also provided a comparison of arc and wind tunnel gap 

heating data. The AFFDL test program was subsequently cancelled. 

The test panel as shown in Figure 6.1-1 consisted of eleven LI 900 silica tiles 
with an interchangeable thin skin metallic center tile. Testing was planned for 
both the center LI 900 tile and the center metallic tile, but time permitted testing 
only of the metallic tile. The panel size was 46 x 46 x 6.5 cm. 

Both the LI 900 and the metallic tiles were heavily instrumented with the thenao- 

couple locations for the thin wall metallic center tile shown in Figure 6.1-2. The 

RSI panel was ncunted in a large test sled for free stream testing and permitted 
variation of angle of attack relative to the tile array. The panel was tested in 
both the In-line and staggered tile configurations. Figure 6.1-3 shows the flow 
orientation for the RSI tile array. Tile numbers affixed to the tiles are also 
shown. Gaps between the dies wero adjustable to study the effects of gap width, 
and shims were used under the tiles to study the effects of. step heights. A 
companion plate that fitted into the same opening as the test panel was used for 
calibration purposes. 

The following drawings (Figures 6.1-4 thru 6.1-10) were prepared to define the 
various detail parts and assemblies: 

a. 70J037004 50 t&i Arc Tunnel Plasma Wedge/RSI Tile Interface 

b. 70J037005 Study Enclosure of Fwd End in 50 MW Plasma Wedge Test Compartment 

c. 70T037039 RSI/Sponge Assy 50 MW Plasma Wedge 

d. 70T030740 Tile Assy - 50 MW Plasma Wedge 

e. 70T030741 Shim 4 Spacers 50 Arc Tunnel Plasma Wedge 

f. 70T037042 Support Assy - 50 MW Plasma Wedge 

g. 70T037043 Installation Assy - 50 I*/ Arc Plasma Wedge Sheets 1 and 2 

Thermocouple locations were confirmed and/or determined with the use of x-rays 

of the instrumented tiles. When x-rays were used, the effects of parallax were 
accounted for in the measurement. The x-rays are documented in Figures 6.1-11 thru 
6.1-19. 
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6.2 Explanation of TerminoloRy Used In Data Listing - Results from the HTST 
tests presented in Section 6.3 are organized by run number and contain Information 
about test conditions, model configuration and thermocouple location, heat transfer 
parameters and boundary layer parameters. The data listing was prepared by analy- 
zing and combining information recorded during calibration and test runs with 
boundary layer Information. 


The terminology 

TT 

PTC 

TAW 

MACH 

PT(I) 

P(F) 

T(FS) 

I>-PR£SS(FS) 

(RHO-V) FS 

(CP-RHO-V) FS 

(RHO-TAU-CP)M 

RE/METER 

H(FLAT PLATE) 

TTIME 

STEP 

GAP 

CP(GAS) 

RECOVERY FACTOR 

T/C 

CH 

X 

Y 

Z 

XBAR 

YBAR 

Q 


used in the data listing is as follows: 

•• Free stream total temperature 
“ Combustor pressure 
“ Adiabatic wall temperature 
“ Mach number 

° Total pressure ahead of normal shock 

° Free stream pressure 

«» Free stream temperature 

“ Free stream dynamic pressure 

<=■ Product of free stream density and velocity 

“ Product of free stream specific heat, density, and velocity 

“ Product of metal tile density, thickness, and specific heat 

■=> Free stream Reynolds nunber 

= Tunnel reference flat plate heat transfer coefficient 
“ Test time at which computations were obtained 
“ Step height 
=■ Gap width 
“ Gas specific heat 
- TAW/TT 

“ Thermocouple number 
° Channel number 

“ X-coordinate of instrumentation point, origin at center of tile 
■= Y-coordinate of instrumentation point, origin at center of tile 
“ Distance f-om top of tile (X, Y, Z for right hand coordinate 
system) 

“ Surface distance from tile center 
“ Lateral surface distance from tile center 
“ Convective heating rate 
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UT 

HTDHP 

HT/HF 

NSTT 

T 

HTC/HF 

HTC/EEC 

HT/H-CMTR 


" Turbulent convective heat transfer coefficient (0.912 recovery 
factor) , uncorrected 

” Heat transfer ratloed to theoretical flat plate heat transfer 
coefficient, uncorrected. 

«• Convective heat transfer ratioed to calibration plate beating 
= Stanton number based on free stream conditions and HT 
=> Local temperature recorded on the thin skin tile at TTIME 
“ Conduction corrected HT ratioed to calibration plate heating 
“ Conduction corrected HT ratioed to heat transfer coefficient 
on tile surface near gap (conduction corrected) 

“ Heat transfer coefficient ratioed to heat transfer coefficient 
at center of tile 
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6.3 Data Tabulation for LaRC 8 Foot HTST Gap HeatlDR Tests - This section 
contains the program for transcribing data from the HTST into the Data Bank, and 
the tabulation generated by the program. The program listing is included for 
completeness and also documents those steps necessary to process tl e data into the 
Data Bank. The data listing begins on Page 6,3-26. This listing employs the "24 
Attribute Word List" (described in Volume I, Section 5) used in the data selection 
and data correlation programs . 
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7.0 NASA-JSC 10 MW ARC TUNNEL EDGE RADIUS TESTS 

Gap heating testa were conducted by C. D. Scott (NASA, Johnson Space Center) 

In the JSC 10 MW Arc Tunnel to provide heating data in the presence of a high 
enthalpy laminar boundary layer. The test parameters, model description and data 
were obtained from Reference 4. The 50.8 cm diameter conical nozzle produced 
the flow field. The test parameters are shown below and conditions on the wedge 
are shown on Figure 7.0-1. The primary purpose of the tests was to investigate 
the effect of tile edge radius on gap heating. 

The tests employed sets of thin skin metallic tiles mounted in a wedge test 
fixture shown on Figure 7.0-2. Four edge radii (0.157, 0.3175, 0.635, and 1.27 cm) 
were parametrically tested at gap widths of 0.127, 0.254, and 0.381 cm, at 15° 
angle of attack. The joint configuration was an in-line butt, and the tile height 
was 4.1275 cm for all tests. During each run the model was Inserted three times 
into the flow for approximately three seconds each while the thermocouple responded 
to the incident heating. The reported data are averages of the three measurements. 
The reference model and pitot pressure probe were inserted into the flow during 
each run to determine the repeatability of the test condition. A run schedule is 
shown on Figure 7.0-3. The reference model, flat surface without gaps, instrumented 
with Garden gauge calorimeters was used to measure reference heating rates. 


TEST PARAMETERS 


MACH NO. 

9.6 

ai;gle of attack, deg. 

15.0 

TOTAL ENTHALPY, Mj/Kg 

13.9 

REYNOLDS NO. /METER 

1741.0 

PITOT PRESSURE, N/M^ 

145.0 
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TEST PANEL CONFIGURATION. EDGE RADIUS STUDY 
AT NASA JSC 10 MW ARC TUNNEL 
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FIGURE 7.0-2 




JSC 10 MW RUN SCHEDULE FOR EDGE RADIUS TESTS 


RUN 

EDGE RADIUS 
(cm) 

GAP WIDTH 
(cm) 

779 

0.1575 

0.127 

780 


0.381 

781 


0.254 

782 

0.3175 

0.127 

783 


0.254 

784 

'f 

0.381 

785 

0.635 

0.127 

786 


0.254 

787 

f 

0.381 

788 

1.27 

0.127 

789 


0.254 

790 

1 

0.381 
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FIGURE 7.0-3 
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7.1 Model Description - The test article consis* ^ ' of 15. 2A cm square stain- 
less steel tiles v ■< th various edge radii mounted in a wedge (15° angle-of-attack) , 
Figure 7.0-2. The parametric variation of edga radii was 0.1575, 0.3175, 0.635, 
and 1.27 centimeters w:* th gap widths of 0.127, 0.254, and 0.381 centimeters. The 
tiles were aligned in an "in-line" arrangement, thereby creating gaps both per- 
pendicular and parallel to the flow direction. Thermocouples were attached to the 
inner surface of the tiles in a row around the gap shown in Figure 7.0-2. Figure 
7.1-1 shows the nominal locations of Sets of instrumentation on the gaps and also 
shows the locations of thermocouples on a Set for various edge radii. 

The thickness of the skin is about .029 inch on the upper surface end rounded 
edge of the tiles, while it is about .010 inch on the sides of the tiles. Forty- 
gauge iron-constantan thenuocouples were attached to the thin areas and 36-gauge 
chromel-alumel were attached to the thicker areas. The ratio of wire diameter to 
skin thickness was chosen to minimize the effects of conduction along thr wires. 

The inside of the tiles were packed with fibrous silica to minimize cross radiative 
effects. 
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NOMINAL LOCATIONS OF SETS 
OF INSTRUMENTATION ON THE GAPS 


Description 

CM 

CM 

Longitudinal Gap 
(upstream) 

7.62 

0 

LongItUulnal Gap 
(Downstream) 

22.86 

C 

Transverse Gap 
Upstream Side 

15.34 

7.62 

Transverse Gap 
Dovmstream Side 

15.34 

7.62 


r — 

^ 

fv" 


\-0.157 cm 

V 0.317 era 

: t 

\ 

''^0.635 cm 

1 .27 cm 



J 



NOMINAL T/C LOCATIONS INDICATED BY TICK MARKS 
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7.2 Explanation of Terminology Used In Data Listing - Results from the 10 MW 
Arc Tunnel edge radius tests presented in Section 7.3 are organized by instrumenta- 
tion location and vitbin each location are segregated by edge radius and gap width. 
The data listing was prepared by analyzing and combining information recorded during 
calibrdtion and test rams. 

The terminology used in the data listing is as follows: 


TEST-RUN-T/C 


X(BAR) 


GAMMA 


RE/METER 


Q/QREF 


° Test, run and thermocouple numbers 
° Gap configuration 
° Instrumentation location 

° X coordinate of instrannentation point, origin at center 
of tile (see Figure 7.0-2) 

= X coordinate of instrumentation point, origin at centerline 
between tiles (see Figure 7.0-2) 

“ Distance from top of tile (see Figure 7.0-2) 

= Distance from leading edge of tile 
“ Tile edge radius 
= Flow orientation 
= Gap width 
= Step height 
“ Gap flow length 

° Tile pattern (0°staggered, l=in-line) 

° Mach number 
° Unit Reynolds number 
° Displacement thickness 

= Convective heating in gap ratioed to convective heating 
on flat plate at the same location 
■=■ Boundary layer state (l=laminar) 
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7.3 Dat^ Tabulation for 10 MW Arc Tunnel Edge Radlua Gap HeatlnR Teats - Thia 
section contains the data from the 10 KW Arc Tunnel which is stored in the Data Bank. 
The data listing begins on Page 7.3-2. 

This lisi-xng employs the "24 Attribute Word List" (described in Volume 1, 

Section 5) used in the data selection and data correlation programs. 
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